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Rapid Diagnosis of Influenza A Infection by Direct
Immunofluorescence of Nasopharyngeal Aspirates in Adults
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The efficacy for direct immunofluorescence of a commercial conjugate for
influenza A virus prepared against whole A/Udorn (H3N2) virus was studied. The
conjugate was specific for influenza A virus, but its sensitivity varied depending
upon the strain of influenza A tested. Nasopharyngeal aspirates collected from 25
patients during an outbreak of influenza were examined for viral antigen with the
conjugate and inoculated onto monkey kidney (MK) cells for virus isolation.
Fifteen patients had isolates for influenza A/USSR/90/77 (HINI); nasopharyngeal
secretions were fluorescent antibody positive in 12. Fluorescent antibody was
copositive with culture in 11/15 patients (73.3%) and conegative in 9/10 (90%).
The one fluorescent antibody-positive, culture-negative patient had negative
serology for influenza A and the fluorescent antibody result was considered to be
a false positive. At a 1:10 dilution, the conjugate stained nasopharyngeal and MK
cells infected with A/USSR (HINI) 2 to 3+, whereas cells infected with H3N2
virus stained 4+. A conjugate made specifically against the ribonucleoprotein
antigen, which is universal to all influenza A strains, may improve the sensitivity
of the direct immunofluorescent test.

The detection of antigen by fluorescein-la-
beled antibody (FA) was described by Coons et
al. in 1941 (2). Liu (13) first applied this tech-
nique for rapid viral diagnosis on clinical speci-
mens. However, for several years FA did not
enjoy wide use in viral diagnosis. Recently, there
has been a surge of interest in rapid viral diag-
nosis, and both a European and a Pan-American
group for rapid viral diagnosis have been formed.
This has resulted in renewed interest in immu-
nofluorescence as a technique with wide poten-
tial.
The advantage of rapid diagnosis is apparent

in several areas. Antiviral agents are available
for some diseases-amantadine for influenza A
(4, 11, 15), adenine arabinoside for herpes sim-
plex encephalitis (19), and interferon for dissem-
inated varicella zoster (14). In the immunocom-
promised host, early diagnosis ofa viral infection
can guide management away from unnecessary
antibiotics and open-lung biopsy and towards
specific antiviral chemotherapy where available.
In the hospital, rapid diagnosis can help control
nosocomial spread of viral disease (7, 9). Finally,
early diagnosis is important in alerting public
health officials to the possible onset of an epi-
demic and the institution of proper control mea-
sures.

Several investigators have studied immuno-

fluorescence for rapid diagnosis of viral infec-
tions (3, 5, 8, 12, 16). Generally, an indirect
immunofluorescence test has been used and the
reagents have been prepared by the investiga-
tors rather than by a commercial source. In this
study, we examined nasopharyngeal (N-P) se-
cretions for influenza A virus with a commer-
cially available direct conjugate and compared
the result with tissue culture isolation.

METHODS
Fluorescent conjugate. The influenza A direct

fluorescein conjugate was supplied by Flow Labora-
tories, Rockville, Md. It was prepared in rabbits with
whole A/Udorn /307/72(H3N2) virus. Pooled preim-
munization serum from the same rabbits was also
fluorescent labeled to serve as a control. The conju-
gated immune serum (conjugate) and preimmuniza-
tion serum control (control serum) were absorbed with
whole human embryo (Flow 5000), baby hamster kid-
ney, Vero, Hep 2, and Wl 38 cell cultures.

(0) Laboratory tests for specifScity and sensi-
tivity. The conjugate was tested against influenza A/
Victoria/3/75(H3N2) and A/USSR/90/77 (HNi)
grown in primary rhesus monkey kidney (MK) tissue
culture. As controls: (i) the preimmunization control
serum was tested against A/Victoria and A/USSR; (i)
the conjugate and control serum were tested against
uninfected MK cells and MK cells infected with influ-
enza B/Hong Kong/5/72; parainfluenza types 1, 2, and
3; respiratory syncytial; and mumps viruses; (iii) a
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single-step blocking test was done with serum with a
high complement-fixing antibody titer to influenza A
virus (6).
As a test of the sensitivity of the conjugate for

detecting various influenza A strains, it was tested
against A/Sw/15/31 (Hsw1N1), A/PR/8/34(HoN,),
A1/FMI/47 (HiN1), and A/NJ/8/76(Hsw1N1) grown in
MK tissue culture.

(ii) Clinical application. Patient selection. Dur-
ing February 1978, an outbreak of influenzaA infection
occurred in Philadelphia. This gave us an opportunity
to study the conjugate for rapid diagnosis on clinical
specimens.

All patients were seen over a 2-week period (13 to
24 February 1978) toward the end of the approxi-
mately 1-month-long epidemic. They came from the
Walk-In (outpatient) and Employee Health Clinics of
the Hospital of the University of Pennsylvania, and
the Nursing Students' and Students' Health Clinics of
the University of Pennsylvania. Patients were seen by
one of us (J. D.) and were selected on the basis of
symptoms and signs compatible with a diagnosis of
influenza, provided that the patient was seen within
96 h of clinical onset. Twenty-five patients met these
criteria.

Collection and processing of clinical speci-
mens. N-P secretions were collected and processed by
using minor modifications of the method described by
Gardner and McQullin (5). Briefly, N-P aspiration of
each nostril was performed with a portable aspirator
and a no. 10 French polyethylene suction catheter
with a secretion trap attached. The secretions were
washed through the catheter with Hanks balanced salt
solution (pH 7.0) supplemented with 0.5% gelatin and
10% sucrose phosphate glutamine. The specimen was
placed on ice and promptly processed on return to the
laboratory-usually within 3 to 4 h of collection.
The N-P aspirates were centrifuged at 600 x g at

4°C in a Sorvall R-3 centrifuge, and the supernatant
fluid was removed for culturing. The pellets, consisting
of mucus and cells, were washed several times with 2
to 3 ml of phosphate-buffered saline to remove the
mucus. This step required painstaking care, and each
specimen was handled individually. Extended wash-
ings were necessary with some specimens. The cells
devoid of mucus were finally suspended in a few drops
of phosphate-buffered saline (0.3 to 0.5 ml) and
dropped by Pasteur pipettes into wells of Teflon-
coated, acetone-resistant 10-well microscope slides
(Cel-line Associates, Minotola, N.J.). At least one slide
for FA staining and one for quantitation of cells by
May-Grunwald-Giemsa staining were prepared from
each specimen.
FA testing of specimens. Slides were air dried

and fixed in acetone at 4°C. The conjugate was added
at a 1:10 dilution, and the slides were incubated at
37°C for 30 min. They were washed three times, 5 min
each, with phosphate-buffered saline with gentle agi-
tation, rinsed for 2 min in deionized distilled water, air
dried, and mounted with Elvanol with a no. 2 cover
slip (24 by 50 mm; A. H. Thomas Co., Philadelphia,
Pa.). The same investigator (H. F.) read all the slides
by fluorescent microscopy, unaware of which wells
were stained with conjugated test or control serum.
They were examined under a Leitz Ortholux Il flu-

orescent microscope with an HBO 200 W/4 Hg lamp.
Culture of N-P secretions. Supernatant fluid

from N-P aspirates was incubated with gentamicin (50
pg/ml), penicillin (500 U/ml), and amphotericin B (10
,g/ml) for 20 min at room temperature. A 0.2-ml
amount of each aspirate was then inoculated into
duplicate MK culture tubes maintained on Eagle min-
imum essential medium containing 2% fetal calfserum,
1% glutamine, and gentamicin, penicillin, and ampho-
tericin B at final concentrations of 10 ug, 150 U, and
1.5 ,ug/ml, respectively. Uninoculated MK tubes
served as controls. The cultures were incubated at
33°C in a roller drum.

Cultures were tested for the presence of virus by
hemagglutination and hemadsorption by standard
techniques (17) at 10 to 14 days after inoculation, or
earlier if a cytopathic effect was evident. When nega-
tive, cells and the supernatant fluids were subpassed
once.

Viral identification. Each isolate was identified
by the hemagglutination inhibition test with World
Health Organization reference antisera and their con-
trol antigens for influenza A/USSR/90/77(H1N1), A/
Victoria/3/75(H3N2), and B/Hong Kong/5/72.

Serology. Paired sera were available from 22 pa-
tients taken on admission and 2 to 7 weeks later. They
were tested for antibodies to an isolate obtained from
one patient after the virus had been subpassed in
embryonated chicken eggs. Hemadsorption-neutrali-
zation tests were performed on these sera in Madin
Darby canine kidney (MDCK) cell cultures by tech-
niques previously described (18).

RESULTS
Fluorescent conjugate. The fluorescent

conjugate was tested against A/Victoria/3/75
(H3N2) grown in MK cell cultures. The intensity
of the fluorescence (on a scale of 0 to 4) was 4+
at 1:10, 2 to 3+ at 1:20, 2+ at 1:40, 1+ at 1:80,
and negative at higher dilutions. In general,
there was a correlation between the number of
tissue culture cells with positive fluorescence
and the intensity of staining. A 1:10 dilution was
considered optimal, and this dilution was used
in subsequent tests for specificity.
As shown in Table 1, the conjugate was spe-

cific for influenza A virus. It reacted with MK
cells infected with several strains of influenza A
virus but did not react with uninfected MK cells
or MK cells infected with influenza type B;
parainfluenza types 1, 2 or 3; mumps; or respi-
ratory syncytial viruses. The conjugated serum
control did not react with uninfected MK cells
or MK cells infected with any of the viruses
tested. In addition, serum with a high comple-
ment fixation antibody titer to influenza A virus
successfully blocked the specific fluorescence of
the conjugate with H3N2-infected MK cells. A
second serum without antibody to influenza A
had no blocking effect.
Table 1 also demonstrates that there was
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some variation in the sensitivity of the conjugate
for the several strains tested. The H3N2 strains
and the most recent swine strain (A/NJ/8/76)
reacted best at -3+ intensity of fluorescence
with the conjugate at a 1:10 dilution. H1N1
strains were intermediate (2 to 3+) and an HoN1
strain stained poorly (1 to 2+).
FA testing of clinical specimens. Of the 25

N-P aspirates tested by direct FA, 12 were pos-
itive with an intensity of 2 to 3+. The appear-
ance was stippled with mainly cytoplasmic flu-
orescence. The optimal dilution of the conjugate
for staining clinical specimens was 1:10. In gen-
eral, two or more, though seldom many, cells
were positive on each smear. All positives, how-
ever, were detected on reading of the first slide
and staining additional slides did not increase
the number of positive results. The conjugated
serum control was negative against all clinical
specimens.

In five cases, slides stained for FA had very
few cells. In three of these cases, the matching
slides stained with May-Grunwald-Giemsa also
had few cells, indicating a poor original sample.
In two cases, many cells were seen on Giemsa
staining. Presumably, in these latter cases, the
cells were lost during preparation for FA.
Elapsed time from the beginning of the prepa-
ration of the clinical specimen to the reading of
the results was 4 to 5 h. For some specimens,
results were available the same day the sample
was collected.

TABLE 1. In vitro testing of the fluorescent
conjugate

Conjugated Preimmune

cells antiserum conjugated
(1:10) serum (1:10)

A/Victoria/3/75
(H3N2) 4+ Negative

A/USSR/90/77
(HiNi) 2-3+ Negative

A2/HK/8/68
(H3N2) 3+ Negative

A/SW/15/31
(Hsw,N,) 2-3+ Negative

A/NJ/8/76
(Hsw1N1) 3+ Negative

A/FM/1/47
(H1NI) 2-3+ Negative

A/USSR/77
(HN,) 2-3+ Negative

A/PR/8/34
(HoN1) 1-2+ Negative

Uninfected cells Negative Negative
B/Hong Kong/5/72 Negative Negative
Parainfluenzae 1, 2, Negative Negative

3
Mumps Negative Negative
Respiratory Negative Negative

syncytial virus
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TABLE 2. Correlation between immunofluorescence
(FA) and viral isolation

Immunofluorescence Culture Culture
Positive Negative

FA positive il 1
FA negative 4 9

a Copositivity (11/15) = 73.3% (after Gardner and
MeQuillin [5]); conegativity (9/10) = 90%v. Overall
correspondence (20/25) = 80%.

Virus isolation and identification. Of the
25 N-P aspirates inoculated onto MK cells, 15
were positive. Ail positives were identified as A/
USSR/90/77 (H1Ni) by the hemagglutination
inhibition tests for each one reacted to the same
titer with the A/USSR/90/77 (H1Ni) antiserum
as did the control homologous reference antigen.
None reacted with either of the other two test
antisera.
Culture versus FA. Table 2 shows the cor-

relation between FA and tissue culture tech-
niques for influenza diagnosis. Of the 12 speci-
mens positive by FA, 11 also yielded virus by
tissue culture. Four culture positive specimens,
however, were missed by FA, making its sensi-
tivity 73.3% (11/15). The one who was FA posi-
tive but culture negative was a 28-year-old pa-
tient with hemadsorption-neutralization anti-
bodies in both serum specimens. This case is
regarded as an FA false positive. Overall, FA
results corresponded with those of tissue culture
in 20/25 (80%) of cases.
Serology. Paired sera were available from 13

of the 15 patients who yielded virus. All but two
of them showed seroconversion, the convales-
cent serum titers ranging from 1:8 to 1:64 with a
geometric mean titer of 1:16. Of the 10 patients
from whom virus was not isolated, 2 nevertheless
showed antibody rises, 4 had antibodies on their
first and second serum specimens, 2 were com-
pletely negative, and no serumr pairs were avail-
able from the remaining 2 persons. Thus, of the
25 patients 17 sustained infection with the USSR
variant as proven by virus isolation and/or ser-
oconversion, and four had evidence of past in-
fection with the same virus. It should be noted
that two of these four were born in 1949 or 1950,
and their antibodies could have reflected expe-
rience with a similar virus during their child-
hood.
Clincal data. The oldest patient in the study

was 28 years old: no culture-positive patient was
older than 25 years. This was not a product of
the population sampled, for although the Nurs-
ing Student and Student Health Clinics are
biased in favor of persons <25 years old, the
Employee Health and Walk-In Clinics, which
together supplied 52% (13/25) of the study pa-
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tients, have patients of all ages. The symptoms
and signs were typical of influenza infection ex-
cept that intestinal symptoms, especially nausea
and vomiting, were frequent (occurring in 11
study patients, 5 ofwhom were culture positive).
The illness was mild, in general. Only one patient
was hospitalized in the acute phase for severity
of symptoms (marked malaise and temperature
>400), and no one was treated for complica-
tions.

Fourteen culture-positive patients were seen
in follow-up, and all reported a return to normal
health by 7 to 10 days after clinical onset.

DISCUSSION
A conjugate which is used to test clinical

material must be standardized against known
positive and negative clinical specimens. In this
study, we tested a commercially prepared influ-
enza A conjugate for use in rapid diagnosis by
staining nasopharyngeal secretions collected
from patients some of whom were infected with
influenza A virus. The conjugate was applied at
a working dilution of 1:10. This was the optimal
dilution for producing the most intense fluores-
cence with the least background staining on
tissue culture cells hifected with HIN, virus, and
on clinical specimens. Comparing results of FA
on N-P secretions with viral isolation, there was
copositivity in 73.3% (11/15) and conegativity in
90% (9/10). The one FA-positive but tissue cul-
ture-negative patient had negative serology and
is considered an FA false positive.
Our data correspond with those of several

other investigators who have applied immuno-
fluorescence to nasopharyngeal secretions for
the diagnosis of influenza A infection (3, 5, 8, 12,
13, 16). FA in this situation has proven to be
highly specific when compared with serology or
isolation: the sensitivity (copositivity), however,
has varied from 63% (3) to 94% (5) when com-
pared with standard techniques.

Criteria regarding acceptable sensitivity of a
conjugate have been vague. The conjugate used
in the present study reacted with tissue culture
cells infected with A/Victoria, an H3N2 virus,
with a 2 to 3+ intensity at 1:20, but with A/
USSR (H1Nl) it stained 2 to 3+ at a 1:10 dilution
(both in tissue culture and N-P aspirates). This
could be expected since the conjugate contained
antibodies to both the surface antigen and the
RNA protein components of the virus and, con-
ceivably, titers to the former might have been
higher. The staining observed with the non-
H3N2 strains detected only the RNA protein.
Although correlation of FA staining of N-P se-
cretions with viral isolation was good, we did
encounter four false negatives for a failure rate

of 26.7% (4/15). A better result might have been
achieved had the conjugate contained antibodies
against the surface antigen of the influenza A
virus causing infection. Sensitivity testing of the
conjugate with MK cells infected with several
strains of influenza A (Table 1) appear to sup-
port this view. Perhaps for rapid diagnosis of
any influenza A infection, a high-titered conju-
gated antiserum prepared against the RNA pro-
tein of influenza A, which is the same for all type
A viruses, would be the reagent of choice. The
same can be said for a diagnostic test for type B
influenza virus as well. Methods for producing
high-titrated sera containing only antibodies to
the RNA protein of influenza viruses are known
(1, 10). For strain diagnosis by FA, such sera
might be supplemented by the use of reliably
sensitive reagents containing antibodies to sur-
face antigens of strains circulating at the time.
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